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Sir: 

I, Callie M. Bell, hereby declare the following: 

1. 1 am an attorney of record for United States Patent Application No. 
10/671 ,346, filed on September 24, 2003. 

2. Attached as Exhibit A is a true and accurate copy of the webpage presented 
when I selected the link "Journal Articles" using a browser from the webpage 
http://www.ece.rice.edu/~ashu/ on January 17, 2008. Exhibit A shows a reference to a 
journal article cited as M. J. Borran, A. Sabharwal and B. Aazhang, On Desitrn Criteria and 
Construction of Noncoherent Space-time Constellations , IEEE Transactions on Information 
Theory, pp. 2332-2351, 49(10), October 2003. 



Attached as Exhibit B is a true and accurate copy of the webpage presented 
when 1 selected a link from a webpage created by the Google™ web search engine using a 
browser on January 17, 2008. The Exhibit B shows the webpage at the uniform resource 
locator: 
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http://ieeexplore.ieee.org/Xplore/loginjsp7urWiel5/18/277 
12. 

Exhibit B shows a reference to an article cited as M. J. Borran, A. Sabharwal and B. 
Aazhang, On Design Criteria and Construction of Noncoherent Space-time Constellations, 
IEEE Transactions on Information Theory, pp. 2332-2351, 49(10), October 2003 and a 
summary of the article. 

1 hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and believe are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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Article Information 

On design criteria and construction of noncoherent space-time constellations 

Borran, M.J.; Sabharwat, A.; Aazhang, B. 

Information Theory, EEE Transactions on 

Volume 49, Issue 1 0, Oct . 2003 Page(s): 2332 - 2351 

Digital Object Identifier 1 0.1 1 03/TIT J2003.81 7431 

Summary: We consider the problem of digital communication in a Rayleigh fiat-fading environment using a 
multiple-antenna system, when the channel state information is available neither at the transmitter nor at the 
receiver. It is known that at high signal-to-noise ratio (SNR), or when the coherence interval is much larger than 
the number of transmit antennas, a constellation of unitary matrices can achieve the capacity ot the noncoherent 
system, However, at tow SNR, high spectral eittciencies, or for small values oi coherence interval, the unitary 
constellations lose their optimaiity and fail to provide an acceptable performance. In this work, inspired by the 
Stein's lemma, we propose to use the Kullback-Leibler (KL) distance between conditional distr ibutions to design 
space-time constellations for noncoherent communication. In fast fading, i.e., when the coherence interval is equal 
to one symbol period and the unitary construction provides only one signal point, the new design criterion results 
in pulse amplitude modulation (PAM)-type constellations with unequal spacing between constellation points. We 
also show that in this case, the new design crrterlon.is equivalent to design criteria based on the exact peirwise 
error probability and the Chernof f information. When the coherence interval is larger than the number of transmit 
antennas, the resulting constellations overlap with the unitary constellations at high SNR, but at low SNR they 
have a multilevel structure and show significant performance improvement over unitary constellations of the same 
sre The performance improvement becomes especially more significant when an appropriately designed outer 
code or multiple receive antennas ore used. This property, together with the tacts that the proposed constellations 
eliminate the need for training sequences and are most suitable for low SNR, makes them a good candidate tor 
uplink communication in wireless systems. 
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